Inducible nitric oxide synthase-2 (NOS2) expression has been shown to be reduced in cystic fibrosis (CF) epithelial cells. Reduced NOS2 expression is unexpected, given the inflammatory nature of CF airway disease, and is an indication that cell-signaling mechanisms necessary for proper NOS2 regulation are probably altered in CF epithelium. Therefore, we examined the expression levels of regulatory factors necessary for NOS2 expression in CF epithelium and showed that IFN regulatory factor-1 (IRF-1) is necessary for full NOS2 expression. Mice lacking IRF-1 expression have diminished epithelial NOS2 expression, as well as reduced NO-dependent chloride transport across the nasal epithelia. Furthermore, IRF-1 protein expression is reduced in nasal and intestinal epithelial cells from CF mice, suggesting a possible mechanism for the CF-related reduction of epithelial NOS2 expression. Active signal transducer and activator of transcription-1 (Stat1) is necessary for both NOS2 and IRF-1 expression. We found that protein levels of Stat1 were increased in CF cells, but that the active phosphorylated form of Stat1 was bound to the protein inhibitor of activated Stat1 (PIAS1). We propose that increased levels of PIAS1 diminish certain cell-signaling pathways, resulting in reduced IRF-1 and NOS2 expression in CF epithelial cells.
Introduction
Cystic fibrosis (CF) is a disease caused by mutations in the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR) (1) . CFTR is a protein kinase A-activated chloride channel responsible for the regulation of transepithelial chloride transport in several tissues, including those of the respiratory system, pancreatic ducts, sweat glands, and the intestines (1) . CF airway disease is characterized by excessive or altered mucous production, an overzealous inflammatory response, progressive tissue damage, and chronic bacterial infection (1) . It is unclear, however, how the loss of a single epithelial chloride channel results in the multitude of symptoms associated with CF airway disease. It has recently been shown that the expression of the inducible form of nitric oxide synthase-2 (NOS2) is reduced in CF airway epithelium from both human subjects and from murine models of CF (2) (3) (4) . This reduction in NOS2 expression and subsequent reduction in NO production has been postulated to play a role in the abnormal regulation of transepithelial sodium absorption observed in CF and in the CF-associated characteristic of susceptibility to bacterial infection (2, 3) .
Given the inflammatory nature of CF airway disease, it is unclear why expression of NOS2 would be reduced. Other inflammatory airway diseases such as asthma are associated with increased production of NO (5) . Another report demonstrates that the inducible production of the cytokine RANTES is also reduced in CF epithelial cells (6) . NOS2 and RANTES are both optimally induced by stimulating NF-κB and IFN-γ pathways, suggesting that reduced expression of these proteins is the result of changes in a common cell-signaling pathway. Although the authors demonstrate a likely role for altered NF-κB activity in the diminished expression of RANTES in CF epithelial cells (6) , most reports indicate that NF-κB activity is either normal or increased in CF epithelium (7) . The hypothesis of increased NF-κB activity in CF epithelial cells is supported by reports demonstrating the hyperinflammatory response characteristic of CF airway disease (8) (9) (10) . Therefore, we have chosen to focus on components of the IFN-γ signaling pathway to determine if alterations in this pathway may be responsible for the observed decrease in NOS2 expression.
The NOS2 promoter has several regulatory components that are essential for complete expression of NOS2, including NF-κB, AP-1, signal transducer and activator of transcription-1 (Stat1), and IFN regulatory factor-1 (IRF-1) binding sites (11) (12) (13) . Stat1 and IRF-1 are components of the IFN-γ signaling pathway, and both have been shown to influence NOS2 expression. Neither macrophages nor glial cells from IRF-1 knockout mice exhibit cytokine-induced NOS2 expression (14, 15) . Similarly, Stat1 has been shown to play an equally important role in induction of NOS2 and IRF-1 expression (16) (17) (18) (19) (20) . The goal of this study is to examine IFN-γ-dependent signaling components necessary for the expression of NOS2 (outlined in Figure 1 ) in a murine model of CF. We have found that cell-signaling changes appear to be responsible for the paradoxical observation of reduced NOS2 expression in CF epithelial cells. The identification of altered cell-signaling pathways in CF will help clarify the mechanisms responsible for the multitude of symptoms associated with CF airway disease, and hopefully will lead to more effective targets for therapeutic intervention.
and MgSO 4 (1.0 mM) (all chemicals were from Sigma Chemical Co., St. Louis, Missouri, USA). Mice were exposed initially to chloride-replete Ringer's containing amiloride (100 µM; Sigma Chemical Co.) until a plateau was achieved. The perfusion solution was then changed to a chloride-free Ringer's solution also containing amiloride (100 µM), and perfusion continued for up to 3 minutes.
Immunoprecipitation and Western immunoblotting. Antibodies against protein inhibitor of activated Stat1 (PIAS1) (goat), IRF-1 (rabbit), Stat1 (mouse), p-Stat1 (mouse), phosphotyrosine-agarose conjugate (mouse), and protein A/G plus agarose conjugate were obtained from Santa Cruz Biotechnology Inc. Protein samples were prepared by homogenizing either excised nasal epithelium or epithelial tissue scraped from sections of mouse ileum in lysis buffer consisting of 50 mM Tris at pH 7.5, 1% Triton X-100, 100 mM NaCl, 50 mM NaF, 200 µM Na 3 VO 4 , and 10 µg/mL each of pepstatin and leupeptin on ice. Protein concentration of samples was measured using the Dc Protein Assay system from BioRad Laboratories Inc. (Hercules, California, USA). Immunoprecipitation experiments using either anti-PIAS1 or anti-phosphotyrosine antibodies were performed with 150 µg protein from each sample; samples were incubated overnight with constant mixing at 4°C. Proteins were separated using SDS-PAGE. Samples were transferred to Immobilon-P membrane (Millipore Corp., Bedford, Massachusetts, USA) using a Trans-Blot SD semi-dry transfer cell from Bio-Rad Laboratories Inc. Blots were blocked in PBS consisting of NaCl (138 mM), Na 2 HPO 4 (15 mM), KCl (1.5 mM), and KH 2 PO 4 (2.5 mM) containing 5% nonfat dehydrated milk and 0.1% Tween-20 (Sigma Chemical Co.). Blots were incubated for 1-2 hours at room temperature in PBS with primary antibody (1:800 to 1:1,000 dilution) and then washed three times in PBS with 0.1% Tween-20. Blots were then incubated with secondary antibody conjugated to horseradish peroxidase (1:4,000 dilution; Sigma Chemical Co.) for 1 hour at room temperature and then washed again as described. Signal was visualized by incubating with SuperSignal chemiluminescent substrate (Pierce Chemical Co., Rockford Illinois, USA) and exposing the membrane to Kodak scientific imaging film (Eastman Kodak Co., Rochester, New York, USA). Quantification of protein expression was accomplished by densitometry using Kodak Digital Science 1D software. Relative density units refer to mean pixel density.
Cell transfection and luciferase assay. 9/HTEo -cells overexpressing the CFTR R domain (pCEPRF) and mocktransfected 9/HTEo -cells (pCEP2) were a generous gift from the lab of Pamela B. Davis, Case Western Reserve University. Cells were cared for as described previously (25) . Briefly, 9/HTEo -cells were grown at 37°C in 95% O 2 and 5% CO 2 to confluence in DMEM with 10% FBS, 2.5 mM L-glutamine, and 150 µg/mL hygromycin on Vitrogen-coated, 30-mm tissue culture plates (Collagen Biomaterials, Palo Alto, California, USA). Cells were seeded at 5.0 × 10 5 cells per well in 6-well culture dish-es 24 hours before transfection. For each transfection, 1 µg each of pEGFPN1 (CLONTECH Laboratories, Palo Alto, California, USA) and pGAS-Luc (Stratagene, La Jolla, California, USA) were placed into 100 µL of serum-free culture medium, along with 8 µL Lipofectamine (GIBCO BRL, Gaithersburg, Maryland, USA). The two solutions were mixed at room temperature and were allowed to incubate for up to 40 minutes. After rinsing, cells were placed in 0.8 mL of serum-free culture medium. The DNA-liposome mixture (0.2 mL) was added to each well and mixed gently. Cells were incubated with the complex for 5 hours at 37°C in 95% O 2 and 5% CO 2 . After incubation, 1 mL of growth medium (20% serum) was added to each well to a final concentration of 10% serum; this was incubated overnight. Serum-free medium was placed in each well 2 hours before stimulation (except for serum-stimulated cells). IFN-γ was then added at concentrations of 10, 25, and 100 units/mL, and the mixture was incubated for 5 hours at 37°C in 95% O 2 and 5% CO 2 . Cells were then lysed and assayed for luciferase activity using Luciferase Assay Systems according to the manufacturer's instructions (Promega Corp., Madison, Wisconsin, USA). Luciferase activity was determined on a Tropix (Bedford, Massachusetts, USA) automatic injection luminometer. Green fluorescent protein (GFP) fluorescence was also determined in triplicate from cell lysates on an Fmax fluorometer from Molecular Devices Corp. (Sunnyvale, California, USA). Luciferase activity was normalized for transfection efficiency by reporting data as a ratio of relative light units (RLU) to relative fluorescence units (RFU) for each well.
Results

IRF-1 is a necessary factor for constitutive epithelial NOS2
expression. It has already been shown that inducible expression of NOS2 is diminished in macrophages and glial cells isolated from mice lacking IRF-1 expression (IRF-1 -/-mice) (14, 15) . We examined NOS2 expression in excised nasal epithelium from C57BL/6J mice and IRF-1 -/-mice with the same C57BL/6J background to determine if IRF-1 expression is necessary for constitutive epithelial NOS2 production. We have shown previously that NOS2 -/-mice with a C57BL/6J background lack NOS2 staining, demonstrating the lack of nonspecific binding of the NOS2 antibody in mice with the C57BL/6J background (3). NOS2-specific immunostaining revealed that normal C57BL/6J mice express detectable NOS2 in nasal epithelium, but that this NOS2 expression is reduced in IRF-1 -/-mice ( Figure 2 ). The attenuated level of NOS2 expression in the nasal epithelium of IRF-1 -/-mice demonstrates dependence on IRF-1 for constitutive NOS2 expression, and its expression should be explored in CF epithelium.
IRF-1-mediated regulation of transepithelial chloride transport.
To establish a functional effect of reduced IRF-1 expression on epithelial NO production, we examined the chloride-free response using the nasal TEPD assay in IRF-1 -/-mice and normal C57BL/6J mice. The chloride-free response was measured by perfusing the nasal passage of the mice with a chloride-free Ringer's solution in the presence of the sodium-transport inhibitor amiloride. Absence of chloride in the Ringer's solution establishes a driving force for the secretion of chloride across the nasal epithelium into the lumen. This response can be considered a measurement of basal chloride transport properties of the epithelium in that no chloride secretory agonists are present. We have shown previously that NOS2 -/-mice have a significantly reduced chloride-free response compared with normal C57BL/6J mice, but this response returns to near wild-type levels when the NO donor sodium nitroprusside (SNP) is added to the perfusion solution (4) . These data point to a role for NO in regulating basal transepithelial chloride transport. This experiment was repeated using IRF-1 -/-mice. Wild-type C57BL/6J mice show a -9.9 ± 1.2 mV (n = 6) hyperpolarization in response to chloride-free Ringer's after 3 minutes, indicating robust chloride secretion across the nasal epithelium. IRF-1 -/-mice, however, showed a hyperpolarization of only -2.1 ± 1.1 mV (n = 8) under the same conditions, indicating reduced endogenous stimulus for chloride transport that was essentially identical to that observed with the NOS2 mice ( Figure 3 ) (4). When the NO donor SNP (100 µM) is added to the perfusion solution, the chloride secretory response increases to a -8.5 ± 1.0 mV (n = 5) hyperpolarization in IRF-1 -/-mice. These data show a functional consequence of attenuated NO production due to the elimination of IRF-1 expression. Consistent with previous findings, IRF-1 is a factor essential for the proper regulation of epithelial NO production in vivo.
In vivo constitutive IRF-1 expression in CF and non-CF epithelium. Examination of IRF-1 expression levels from excised nasal epithelium from CFTR +/-mice and CFTR -/-mice revealed that IRF-1 levels were significantly reduced in CFTR -/-nasal epithelium compared with those in epithelium from wild-type heterozygous mice (Figure 4a ). However, a high-molecular-weight band that was recognized by the IRF-1 antibody did appear in some, but not all, of the CFTR -/-nasal
Figure 1
Cell-signaling components involved in the regulation of NOS2 expression.
epithelial samples (not shown). The presence of this band in only some preparations of nasal epithelium inclines us to believe it is a contaminant, but the significance of this high-molecular-weight immunoreactive band in the CF nasal epithelial samples will have to be determined. The figure presents results from three separate CFTR +/-mice and three separate CFTR -/-mice. Densitometry results are representative of eight wild-type mice and seven CF mice tested. IRF-1 expression is significantly lower in CFTR -/-mice, with a P value of 0.002.
We have shown that constitutive NOS2 expression is dependent on the presence of functional CFTR in epithelial cells from excised ileum and nasal tissues (26) . To determine whether IRF-1 and NOS2 expression are influenced by similar CFTR-dependent regulatory mechanisms, we examined IRF-1 expression in the same mouse models used previously to study NOS2 expression. Three groups of mice were examined for IRF-1 expression in epithelial cells excised from the ileum. These groups consisted of CFTR +/-mice, CFTR -/-mice, and additional CFTR -/-mice that express human CFTR specifically in intestinal epithelium driven by the fatty-acid binding protein (FABP) promoter (FABP-hcftr mice) (26, 27) . IRF-1 is constitutively expressed in the ileum of CFTR +/-mice and FABP-hcftr mice, but is not expressed in tissue isolated from CFTR -/-mice (Figure 4c ). These data demonstrate the same CFTR-dependent IRF-1 expression that we demonstrated previously in the case of NOS2 expression (26) . The reintroduction of functional CFTR into the mouse intestinal epithelium restores the expression of IRF-1. Densitometric analysis of protein expression reveals no significant difference in IRF-1 expression between wild-type and FABP-hcftr mouse ileum, but shows a significant reduction in the ileum of CFTR -/-mice.
Stat1 and PIAS1 expression in CF and non-CF murine epithelium. Our data indicate that expression of NOS2 and IRF-1 are diminished in CF epithelial cells by a mechanism related to diminished CFTR expression or function. Because NOS2 and IRF-1 expression are dependent on the activation of Stat1, we examined expression levels of Stat1 in CF and non-CF mouse nasal epithelium. Stat1 protein levels were found to be overexpressed in excised nasal epithelium from CFTR -/-mice compared with CFTR +/+ mice (Figure 5a ), which is surprising in light of the apparent reduction of IRF-1 expression in CF epithelium.
The apparent reduction of IRF-1 and NOS2 expression suggests that there is an interruption in normal Stat1 signaling. Because Stat1 levels are increased, we also examined expression levels of the known Stat1 inhibitor PIAS1. PIAS1, also identified as Gu RNA helicase-II binding protein (GBP) (28) , has been shown to bind to Stat1 and to specifically inhibit Stat1-mediated signaling events (29) . PIAS1 levels were elevated in excised nasal epithelium from CFTR -/-mice, but were barely detectable in CFTR +/-and CFTR +/+ mice ( Figure  5c ). We have shown previously that NO production and NOS2 mRNA expression is reduced in a 9/HTEo -cell model of CF (26) . Mock-transfected 9/HTEo -cells (pCEP2) serve as wild-type cells, whereas cells transfected to overexpress the CFTR R domain (pCEPRF) lack cAMP-mediated chloride secretion and have several CF-like phenotypes (7, 25) . PIAS1 levels were found
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Figure 3
Murine nasal transepithelial chloride transport is partially IRF-1 dependent. Changes in TEPD in response to perfusion with chloridefree Ringer's solution were measured in wild-type C57BL/6J mice (filled squares; n = 6), IRF-1 -/-mice (open circles; n = 8), and IRF-1 -/-mice with SNP (100 µM) added to the perfusion solution (filled triangles; n = 5). Error bars represent SEM. Time zero refers to the point at which the perfusion solution was changed to chloride-free Ringer's (this was done when a plateau value was reached in chloride-replete Ringer's containing amiloride). Amiloride (100 µM) was present in all perfusion solutions.
to be significantly higher in the CF-phenotype cells (pCEPRF) than in the wild-type phenotype cells (pCEP2) (Figure 5e ). Differences in protein expression were quantified by densitometry. Significantly higher expression of both Stat1 and PIAS1 proteins was found in CF samples ( Figure 5 , b, d, and f). Increased expression of PIAS1 raises the possibility that Stat1 signaling may be less than optimal in CF epithelium despite the presence of increased levels of Stat1 protein.
PIAS1-bound Stat1 in CF and non-CF mouse nasal epithelium.
To address functional differences associated with increased PIAS1 levels in CF epithelium, we examined levels of free and PIAS1-bound Stat1. Stat1 is activated by phosphorylation via the Janus kinase (Jak) family, leading to Stat1 nuclear translocation, dimerization, and DNA binding. PIAS1 binds to phosphorylated Stat1, preventing dimerization and DNA binding (29) . We assessed differences in anti-phosphotyrosine-accessible Stat1, and Stat1 that is apparently associated with PIAS1 in CF and non-CF cells. Immunoprecipitation with antiphosphotyrosine antibodies revealed a lack of p-Stat1 in samples of nasal epithelium from CFTR -/-mice, whereas Stat1 levels were clearly detectable in CFTR +/-mouse nasal tissue (Figure 6a ). Although PIAS1 is not reported to bind directly to the phosphorylated site of Stat1, we postulated that perhaps PIAS1 binding to p-Stat1 could interfere with anti-phosphotyrosine antibody binding to p-Stat1. We therefore immunoprecipitated with anti-PIAS1 and examined precipitated samples for associated Stat1 to determine if p-Stat1 was interacting with increased levels of PIAS1 in CF epithelial cells. Although more PIAS1 was isolated in CF samples by immunopre- cipitation with anti-PIAS1 as expected, similar levels of Stat1 were found in samples from both CFTR +/-and CFTR -/-mouse nasal epithelium (Figure 6b ). To determine if Stat1 bound to PIAS1 was indeed phosphorylated, we performed the same experiment of immunoprecipitating PIAS1 and probing the blot with an antibody specific for the phosphorylated form of Stat1. Both CF and non-CF mouse nasal epithelial samples and the 9/HTEo -pCEP2 and pCEPRF cells were tested ( Figure  7 , a and b, respectively). Phosphorylated Stat1 was bound to PIAS1 in all of the samples. These data demonstrate that p-Stat1 is present in CF cells, but the majority of available active p-Stat1 is apparently bound to PIAS1. This observation is true both in vivo in mouse CF epithelial cells and in the CF cell model 9/HTEo -pCEP2 and pCEPRF cells. Increased PIAS1 levels may interfere with full cellular Stat1 signaling. Stat1-mediated signaling in 9/HTEo -pCEP2 and pCEPRF cells. The CF-phenotype 9/HTEo -pCEPRF cells reflected the same decrease of NOS2 expression (26) , the same increase of PIAS1 protein expression (Figure 5) , and the same PIAS1-mediated binding of p-Stat1 ( Figure 6 ) seen in CF mouse nasal epithelium, compared with respective wild-type controls. Therefore, the ability of these cells to carry out Stat1-mediated signaling was tested. Activated Stat1 specifically binds to the IFN-γ-activated site (GAS) to mediate gene transcription, so the luciferase reporter construct pGAS-Luc was transfected into control pCEP2 and CF-phenotype pCEPRF cells. Cells were treated with 0, 10, 25, or 100 units/mL of recombinant human IFN-γ for 5 hours in serum-free media (Figure 8 ). The CF-phenotype pCEPRF cells had significantly lower basal luciferase activity and significantly lower luciferase activity at each tested concentration of IFN-γ than was observed in the control pCEP2 cells. IFN-γ also significantly stimulated luciferase activity at each concentration tested in pCEP2 cells, whereas only the two higher concentrations of IFN-γ had a measurable effect in the pCEPRF cells. The effect of serum on stimulated luciferase activity was also tested in pCEP2 and pCEPRF cells. Significant stimulation of luciferase activity was observed in the control 9/HTEo -pCEP2 cells, but no stimulation occurred in the CF-phenotype pCEPRF cells. Data were normalized for transfection efficiency by measuring GFP fluorescence mediated by cotransfection with pEGFPN1 as described in Methods, and are presented as a ratio of RLU to RFU. These data demonstrate that there is an inherent decrease in Stat1-mediated signaling in the CF-phenotype 9/HTEopCEPRF cells that is consistent with an increase in the expression of PIAS1 protein.
Discussion
The observation that NOS2 expression is reduced in CF epithelial cells of both mouse and human origin indicates that underlying cell-signaling abnormalities
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The are present in CF. Both NF-κB-and IFN-γ-dependent signaling components are necessary for full NOS2 expression. We decided to explore components of the IFN-γ signaling pathway to determine if CF-related changes in this pathway could account for the diminished expression of NOS2 in CF epithelium. We show that IRF-1 is a necessary factor for functional NO production in murine epithelial cells, and that IRF-1 protein expression is measurably reduced, although not absent, in murine CF nasal epithelial cells. Reduced IRF-1 expression is also dependent on the presence of CFTR, as demonstrated by the use of the FABPhcftr mouse model that exhibits tissue-specific expression of human CFTR in intestinal epithelial cells. Correction of the CFTR defect restores the expression of IRF-1 in mouse intestinal epithelium. These results are consistent with the observation of CFTR-dependent expression of NOS2 using the same model system (26) .
Because both NOS2 and IRF-1 have Stat1-reactive elements in their promoters, we examined Stat1 expression levels. Surprisingly, we found a significant increase in Stat1 protein expression in CF samples. However, it was also found that protein levels of the Stat1-specific inhibitor PIAS1 are elevated in CF mouse nasal epithelium. As shown in Figure 6 , this increase in PIAS1 expression apparently limits access of anti-phosphotyrosine antibodies to p-Stat1, a finding that may reflect a reduction in p-Stat1 levels available for signaling functions. The exact nature of the impact of increased PIAS1 expression on the relative levels of available and unavailable p-Stat1 requires further exploration.
We have established in an in vivo model of CF that indicates that the immediate cause of reduced NOS2 expression in CF epithelial cells probably involves reduced levels of IRF-1. Reduced IRF-1 levels appear to be related to a reduction in levels of free p-Stat1 as it becomes bound to the Stat1 inhibitor PIAS1. A significant question that remains to be answered is how PIAS1 expression is influenced by a loss of CFTR function. PIAS1 is related to the Stat3 inhibitory protein PIAS3. Both PIAS1 and PIAS3 have been identified previously as proteins associated with other functions. PIAS1 was initially identified as GBP, influencing the function of Gu RNA helicase II by modulating proteolysis (28, 29) . PIAS3 has been found to be homologous to a potassium channel-activating protein, KChAP (30) . KChAP has been shown to increase the expression of Kv2 channels and to enhance the current amplitudes of these channels (30) . However, there is cross-talk between ion transport regulation and the PIAS family of proteins, and the relationship between CFTR function and the PIAS proteins is currently being explored. Also being explored is the extent of Stat1-dependent signaling inhibition in CF cells. The effect of elevated PIAS1 levels is functionally manifested in the presence of IFN-γ by a demonstrable attenuation of Stat1-mediated luciferase expression through the pGAS-Luc construct in CF-phenotype 9/HTEo -pCEPRF cells, compared with control pCEP2 cells (Figure 8 ). We tested concentrations of IFN-γ of 10, 25, and 100 units/mL, though the reported concentration of IFN-γ in airway epithelial lining fluid is estimated to be less than 2 units/mL (31) . It is important to note that pGAS-Luc reporter activity is stimulated in pCEPRF cells at higher IFN-γ concentrations. As shown in Figure 5 , Stat1 protein levels are increased in CF cells. Higher IFN-γ concentrations may alter the balance between PIAS1 and activated Stat1, allowing stimulation of the pGAS promoter. These data may point to a role for exogenous IFN-γ as a possible therapeutic option in CF. Including this report, however, the expression of three proteins that are induced in response to IFN-γ, IL-1β, or TNF-α have been shown to be diminished in CF epithelial cells: IRF-1, NOS2, and RANTES (2-4, 6). Although reduced RANTES expression in CF is reported to be caused by altered NF-κB activity (6), these three proteins have coregulatory mechanisms in common involving both NF-κB-dependent and Stat1-dependent elements. One report demonstrates a physical interaction between NF-κB and Stat1 in promoter regulation when both of these regulatory elements are present (32) . Increased binding of p-Stat1 by PIAS1 may interrupt the necessary stoichiometry needed for the proper regulation of genes requiring both NF-κB and Stat1. This study demonstrates fundamental changes to a cell-signaling pathway that may have significant effects on disease progression in CF airways.
Figure 8
Stat1-mediated cell signaling in 9/HTEo -pCEP2 and pCEPRF cells. Cells were cotransfected with pGAS-Luc and pEGFPN1 and stimulated with either 10, 25, or 100 units/mL IFN-γ or with 10% serum as described. Data were normalized for transfection efficiency as measured by GFP expression, and are presented as a ratio of relative light units (RLU) to relative fluorescence units (RFU). The number of experiments (n) is shown in parentheses above each bar. Error bars represent SEM. A P < 0.001; B P < 0.0001, pCEP2 vs. pCEPRF cells under each experimental condition, by Student's t test. C,D Significant stimulation of luciferase activity in pCEP2 cells compared with untreated (NT) pCEP2 cells as measured by Duncan's multiple range test ( C P < 0.01; D P < 0.0001). E,F Significant stimulation of luciferase activity in pCEPRF cells compared with untreated (NT) pCEPRF cells, as measured by Duncan's multiple range test ( E P < 0.01; F P < 0.0001).
